
Introduction Cross-Cutting LHC Conclusions

Event Generation for the LHC
Joshua Isaacson
Based on: Snowmass White Paper (arxiv:2203.11110)
Seattle Snowmass Summer Meeting 2022: EF-TF Cross Frontier
19 July 2022                                                                                 



Introduction Cross-Cutting LHC Conclusions

J. Isaacson Event Generators for High-Energy Physics Experiments 1 / 14 Fermilab



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�A�M�i�`�Q�/�m�+�i�B�Q�M

�q�?�B�i�2 �T���T�2�` �#�`�Q�m�;�?�i �i�Q�;�2�i�?�2�` ���H�H
�2�p�2�M�i �;�2�M�2�`���i�Q�` �+�Q�K�K�m�M�B�i�B�2�b �B�M �>�1�S
�7�Q�` �i�?�2 �}�`�b�i �i�B�K�2

�L�2�2�/ �i�Q �+�Q�M�i�B�M�m�2 �i�?�B�b �+�Q�H�H���#�Q�`���i�B�Q�M
�i�?�`�Q�m�;�? �i�?�2 �+�`�2���i�B�Q�M �Q�7 �� �D�Q�B�M�i
�i�?�2�Q�`�2�i�B�+���H�@�2�t�T�2�`�B�K�2�M�i���H �r�Q�`�F�B�M�; �;�`�Q�m�T
�+�`�Q�b�b�@�+�m�i�i�B�M�; �i�?�`�Q�m�;�? ���H�H �2�t�T�2�`�B�K�2�M�i�b

�6�Q�` �� �/�B�b�+�m�b�b�B�Q�M �Q�M �i�?�2 �+�Q�K�T�m�i�B�M�;
���b�T�2�+�i�b �b�2�2 �K�v �i���H�F �B�M �i�?�2 �*�Q�K�T�6�k
�T���`���H�H�2�H �7�`�Q�K �J�Q�M�/���v�X

�6�Q�` �� �/�B�b�+�m�b�b�B�Q�M �Q�M �i�?�2 �B�K�T���+�i �Q�7 �J�G
�Q�M �2�p�2�M�i �;�2�M�2�`���i�B�Q�M �b�2�2 �i�?�2 �i���H�F �7�`�Q�K
�h�B�H�K���M �7�Q�H�H�Q�r�B�M�; �i�?�B�b �Q�M�2 ���M�/ �i�?�2 �J�G
�q�S �U�k�k�y�j�X�y�d�9�e�y�V�X

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �k �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�q�?�v �/�Q �r�2 �M�2�2�/ �;�2�M�2�`���i�Q�`�b�\

�S�`�2�+�B�b�B�Q�M �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �a�i���M�/���`�/
�J�Q�/�2�H

���#�B�H�B�i�v �i�Q �K�Q�/�2�H �"�a�J �T�`�Q�+�2�b�b�2�b

�1�b�b�2�M�i�B���H �`�Q�H�2 �B�M �T�H���M�M�B�M�; ���M�/ �/�2�b�B�;�M
�Q�7 �7�m�i�m�`�2 �2�t�T�2�`�B�K�2�M�i�b

�*�Q�M�M�2�+�i�b �i�?�2 �i�?�2�Q�`�v ���M�/ �2�t�T�2�`�B�K�2�M�i���H
�+�Q�K�K�m�M�B�i�v

�J�Q�/�2�H�H�B�M�; �M�Q�M�@�T�2�`�i�m�`�#���i�B�p�2 �2�z�2�+�i�b

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �j �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�*�Q�K�T�m�i�B�M�; �"�Q�i�i�H�2�M�2�+�F�b

�l�M�r�2�B�;�?�i�B�M�; �2�{�+�B�2�M�+�v

�>���M�/�H�B�M�; �U�`�2�/�m�+�B�M�;�V �M�2�;���i�B�p�2 �r�2�B�;�?�i�b

���H�i�2�`�M���i�B�p�2 �2�p�2�M�i �r�2�B�;�?�i�b �7�Q�` �T���`�i�Q�M
�b�?�Q�r�2�`�b �i�Q �2�b�i�B�K���i�2 �m�M�+�2�`�i���B�M�i�B�2�b

�J���i�+�?�B�M�; �f �K�2�`�;�B�M�; �b�+�?�2�K�2�b �?���p�2
�7���+�i�Q�`�B���H �;�`�Q�r�i�? �T�`�Q�#�H�2�K

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �9 �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�6�B�t�2�/ �P�`�/�2�` �*���H�+�m�H���i�B�Q�M�b

���m�i�Q�K���i�B�Q�M �?���b �#�2�2�M
���+�?�B�2�p�2�/ �7�Q�` �i�`�2�2
�H�2�p�2�H ���M�/
�M�2�t�i�@�i�Q�@�H�2���/�B�M�; �Q�`�/�2�`
�+���H�+�m�H���i�B�Q�M�b

�G���`�;�2 �/�2�p�2�H�Q�T�K�2�M�i �B�M
�7�m�H�H�v�@�/�B�z�2�`�2�M�i�B���H
�L�L�G�P �+���H�+�m�H���i�B�Q�M�b

�� �7�2�r �T�`�Q�+�2�b�b�2�b ���i
�L3�G�P ���+�+�m�`���+�v

�>�B�;�;�b
H
W � H
ZH
�> �U�o�"�6�V
�>�>
�>�>�>
H + �D�2�i
W � H �Y�D�2�i
ZH �Y�D�2�i

�a�J �+���M�/�H�2�b
W �

Z



W � 

Z

W + W �

WZ
ZZ





�C�2�i�b
�/�B�D�2�i�b
�j �D�2�i�b
W � + �D�2�i
Z + �D�2�i

 + �D�2�i
Z + b
W � c


 �Y�D�2�i

�P�i�?�2�`
�b�B�M�;�H�2 �i�Q�T
t �t
b�b
H ! b�b
t �/�2�+���v
e+ e� ! 3j
�.�A�a �U�/�B�@�V�D�2�i�b

�*���H�+�m�H���i�B�Q�M�b ���p���B�H���#�H�2 �/�B�z�2�`�2�M�i�B���H�H�v ���i �L�L�G�P �Q�` �?�B�;�?�2�` �B�M �Z�*�. �U�7�Q�`
pp �B�M�B�i�B���H �b�i���i�2�V�X �_�2�7�2�`�2�M�+�2�b �i�Q �i�?�2 �}�`�b�i �i�B�K�2 �i�?�2 �T�`�Q�+�2�b�b �?���b �#�2�2�M
�+���H�+�m�H���i�2�/ �+���M �#�2 �7�Q�m�M�/ �B�M �h���#�H�2 �R �Q�7 �i�?�2 �r�?�B�i�2 �T���T�2�`�X

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �8 �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�Z�*�. �7���+�i�Q�`�B�x���i�B�Q�M ���M�/ �T���`�i�Q�M �2�p�Q�H�m�i�B�Q�M
�6���+�i�Q�`�B�x�2 �B�M�i�Q �b�?�Q�`�i ���M�/ �H�Q�M�; �/�B�b�i���M�+�2 �T�?�v�b�B�+�b�,

� [J ] �
P

a;b

R
dxa

R
dxb f a=A (xa ; � 2

J ) f b=B (xb; � 2
J ) �̂ [J ]

�Z�*�. �2�p�Q�H�m�i�B�Q�M �;�B�p�2�M �#�v�,
d xf a=A (x;� 2

J )
d ln � 2

J
=

P
b= q;g

R1
0 d�

R1
0 dz � s

2�

�
zPab(z)

�
+ � f b=A (�; � 2

J ) � (x � �z )

�S�.�6�b ���M�/ �7�`���;�K�2�M�i���i�B�Q�M �7�m�M�+�i�B�Q�M�b ���`�2 �M�Q�i
���H�r���v�b �+�Q�M�b�B�b�i�2�M�i

�A�K�T�`�Q�p�B�M�; �S�.�6 �m�M�/�2�`�b�i���M�/�B�M�; �7�Q�` �M�2�m�i�`�B�M�Q
�2�t�T�2�`�B�K�2�M�i�b ���M�/ �i�?�2 �1�A�* ���`�2 �p�B�i���H

�q�Q�`�F �Q�M �m�b�B�M�; �H���i�i�B�+�2 �i�Q �B�K�T�`�Q�p�2 �S�.�6
���+�+�m�`���+�v

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �e �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�Z�*�. �7���+�i�Q�`�B�x���i�B�Q�M ���M�/ �T���`�i�Q�M �2�p�Q�H�m�i�B�Q�M

�6���+�i�Q�`�B�x�2 �B�M�i�Q �b�?�Q�`�i ���M�/ �H�Q�M�; �/�B�b�i���M�+�2 �T�?�v�b�B�+�b�,

� [J ] �
P

a;b

R
dxa

R
dxb f a=A (xa ; � 2

J ) f b=B (xb; � 2
J ) �̂ [J ]

�Z�*�. �2�p�Q�H�m�i�B�Q�M �;�B�p�2�M �#�v�,
d xf a=A (x;� 2

J )
d ln � 2

J
=

P
b= q;g

R1
0 d�

R1
0 dz � s

2�

�
zPab(z)

�
+ � f b=A (�; � 2

J ) � (x � �z )

�S�.�6�b ���M�/ �7�`���;�K�2�M�i���i�B�Q�M �7�m�M�+�i�B�Q�M�b ���`�2 �M�Q�i
���H�r���v�b �+�Q�M�b�B�b�i�2�M�i

�A�K�T�`�Q�p�B�M�; �S�.�6 �m�M�/�2�`�b�i���M�/�B�M�; �7�Q�` �M�2�m�i�`�B�M�Q
�2�t�T�2�`�B�K�2�M�i�b ���M�/ �i�?�2 �1�A�* ���`�2 �p�B�i���H

�q�Q�`�F �Q�M �m�b�B�M�; �H���i�i�B�+�2 �i�Q �B�K�T�`�Q�p�2 �S�.�6
���+�+�m�`���+�v

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �e �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�>���/�`�Q�M�B�x���i�B�Q�M

�G�m�M�/ �a�i�`�B�M�; �J�Q�/�2�H

�"���b�B�+ ���b�b�m�K�T�i�B�Q�M�, �H�B�M�2���` �+�Q�M�}�M�2�K�2�M�i
�T�Q�i�2�M�i�B���H ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �b�i�`�B�M�;
�b�i�`�2�i�+�?�2�/ �#�2�i�r�2�2�Mq�q �T���B�`�b

�a�i�Q�`�2�/ �2�M�2�`�;�v �B�M �b�i�`�B�M�; �m�b�2�/ �i�Q
�T�`�Q�/�m�+�2 �M�2�rq�q �T���B�`�b

�"���`�v�Q�M�b �B�M�i�`�Q�/�m�+�2�/ �#�v �b�T�H�B�i�i�B�M�; �i�Q ��
���M�i�B�/�B�[�m���`�F�@�/�B�[�m���`�F �T���B�`

�:�H�m�Q�M�b �i�`�2���i�2�/ ���b �F�B�M�F�b �Q�M �i�?�2 �b�i�`�B�M�;

�J���M�v �B�K�T�`�Q�p�2�K�2�M�i�b �Q�p�2�` �i�?�2 �v�2���`�b�-
�#�m�i �b�i�B�H�H �K�m�+�? �r�Q�`�F �B�b �M�2�2�/�2�/

�*�H�m�b�i�2�` �J�Q�/�2�H

�:�m�B�/�2�/ �#�v �H�Q�+���H �T���`�i�Q�M�@�?���/�`�Q�M �/�m���H�B�i�v
���M�/ �T�`�2�+�Q�M�}�M�2�K�2�M�i

�1�p�Q�H�m�i�B�Q�M �#���b�2�/ �Q�M �7�Q�`�K���i�B�Q�M ���M�/
�/�2�+���v �Q�7 �+�Q�H�Q�`�@�M�2�m�i�`���H �+�H�m�b�i�2�`�b
�B�M�i�2�`�T�`�2�i�2�/ ���b �`�2�b�Q�M���M�+�2�b �Q�7 �?���/�`�Q�M�b
�r�B�i�? �� �+�Q�M�i�B�M�m�Q�m�b �K���b�b �b�T�2�+�i�`�m�K

�"���`�v�Q�M�b �B�M�i�`�Q�/�m�+�2�/ �#�v �B�M�i�`�Q�/�m�+�i�B�Q�M �Q�7
�/�B�[�m���`�F�b

�:�H�m�Q�M�b ���`�2 �b�T�H�B�i �B�M�i�Q �~���p�Q�`�@���M�i�B�~���p�Q�`
�T���B�`�b ���i �2�M�/ �Q�7 �T���`�i�Q�M �b�?�Q�r�2�`

�L�2�2�/ �i�Q �`�2�p�B�b�B�i �[�m�2�b�i�B�Q�M�b �Q�7 �p�2�`�v
�7�Q�`�r���`�/ �?���/�`�Q�M�B�x���i�B�Q�M ���M�/ �+�Q�H�Q�`
�`�2�+�Q�M�M�2�+�i�B�Q�M�b

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �d �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�L�2�r�@�T�?�v�b�B�+�b �K�Q�/�2�H�b

�:�2�M�2�`���i�Q�` �_�2�T�`�2�b�2�M�i���i�B�Q�M
�b�B�M�;�H�2�i �i�`�B�T�H�2�i �Q�+�i�2�i � ijk �e �R�y

�J�:�8���J�* X X X X X
�a�>�1�_�S�� X X X

�q �>�A�w���_�. X X X

�:�2�M�2�`���i�Q�` �_�2�T�`�2�b�2�M�i���i�B�Q�M�b �G�Q�`�2�M�i�x �b�i�`�m�+�i�m�`�2�b �P�i�?�2�` ���b�T�2�+�i�b
�a�J �a�T�B�M32 �a�T�B�M �k �*�m�b�i�Q�K �J���D�Q�`���M�� �9�@�6�2�`�K�B�S�`�Q�T���;���i�Q�`�_�m�M�M�B�M�;�6�Q�`�K �7���+�i�Q�`�l�M�B�i���`�B�i�v

�J�:�8���J�* X X X X X �UX �V X �1�6�h X
�a�>�1�_�S�� X �UX �V X X �UX �V

�q �>�A�w���_�. X X X X X X X X X

�6�2�v�M�_�m�H�2�b �T���+�F���;�2 ���H�H�Q�r�b �7�Q�` �i�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 �6�2�v�M�K���M �`�m�H�2�b �7�`�Q�K �M�2���`�H�v
���`�#�B�i�`���`�v �G���;�`���M�;�B���M�b

�l�6�P �}�H�2 �7�Q�`�K���i �p�2�`�v �b�m�+�+�2�b�b�7�m�H

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �3 �f �R�9�6�2�`�K�B�H���#



�A�M�i�`�Q�/�m�+�i�B�Q�M �*�`�Q�b�b�@�*�m�i�i�B�M�; �G�>�* �*�Q�M�+�H�m�b�B�Q�M�b

�>�B�;�?�2�`�@�Q�`�/�2�` �Z�*�. ���M�/ �1�q �+�Q�K�T�m�i���i�B�Q�M�b

�J ���. �G�P�P�S�, �P�M�2 �H�Q�Q�T ���m�i�Q�K���i�2�/�- �r�Q�`�F �Q�M
�i�r�Q�@�H�Q�Q�T�b

�J ���h�_�A�s�, �L�L�G�P ���+�+�m�`���+�v �i�?�`�Q�m�;�?qT

�b�m�#�i�`���+�i�B�Q�M�- �K�B�t�2�/ �L�L�G�P �Z�*�.�@�1�q
�+�Q�`�`�2�+�i�B�Q�M�b

�J�*�6�J�, �L�L�G�P ���+�+�m�`���+�v�- �`�2�+�2�M�i�H�v ���/�/�2�/
�`�2�b�m�K�K���i�B�Q�M �m�b�B�M�; �*�m�h�2�- �B�M�i�2�`�7���+�2 �i�Q �;�2�M�2�`���H
�T�m�`�T�Q�b�2 �;�2�M�2�`���i�Q�`�b

�L�L�G�P�C�2�i�, �L�L�G�P ���+�+�m�`���+�v�- �m�b�B�M�; ���M�i�2�M�M��
�b�m�#�i�`���+�i�B�Q�M�- �r�Q�`�F �i�Q�r���`�/�b �L3 �G�P

�P�S�1�L�G�P�P�S�a�, ���m�i�Q�K���i�2�/ �;�2�M�2�`���i�Q�` �Q�7 �i�`�2�2
���M�/ �Q�M�2�@�H�Q�Q�T ���K�T�H�B�i�m�/�2�b�- �b�i���#�B�H�B�i�v �i�2�+�?�M�B�[�m�2�b
�7�Q�` �Q�M�2�@�H�Q�Q�T �+�Q�M�i�`�B�#�m�i�B�Q�M�b �B�M �m�M�`�2�b�Q�H�p�2�/
�`�2�;�B�Q�M�b �Q�7 �T�?���b�2 �b�T���+�2 �7�Q�` �L�L�G�P �+���H�+�m�H���i�B�Q�M�b�X

�_�1�*�P�G���, ���m�i�Q�K���i�2�/ �;�2�M�2�`���i�Q�` �Q�7 �i�`�2�2 ���M�/

�Q�M�2�@�H�Q�Q�T ���K�T�H�B�i�m�/�2�b �7�Q�` �7�m�H�H �a�J ���M�/ �"�a�J�X�(�k�R�y�d�X�y�9�9�d�k�)

�C�X �A�b�����+�b�Q�M �1�p�2�M�i �:�2�M�2�`���i�Q�`�b �7�Q�` �>�B�;�?�@�1�M�2�`�;�v �S�?�v�b�B�+�b �1�t�T�2�`�B�K�2�M�i�b �N �f �R�9�6�2�`�K�B�H���#


	Introduction
	Cross-Cutting
	LHC
	Higher-order QCD and EW computations
	QCD parton and dipole showers
	Matching fixed-order to parton showers
	General-purpose resummation tools

	Conclusions

